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a b s t r a c t
An atomic-scale quantitative analysis of the structural and magnetic properties of surfaces, interfaces
and complex nanostructures is of fundamental relevance for the development of new materials for
spintronics. Studies of buried magnetic interfaces and depth-resolved measurements in layered
magnetic nanostructures are particularly challenging, and the combination of conversion electron
Mössbauer spectroscopy and/or nuclear resonant scattering of synchrotron radiation with isotope-
enriched probe layers can be a powerful tool in this ﬁeld.
The potential offered by the application of isotope-selective measurements for the study of Fe-based
layered magnetic nanostructures is illustrated with our recent results on the investigation of depth-
dependent spin structures and interfacial interdiffusion in exchange-biased ferromagnetic/antiferro-
magnetic bilayer systems and of an epitaxial magnetic system with perpendicular magnetic anisotropy,
obtained from samples prepared with ultrathin 57Fe probe layers placed at different depths during the
growth processes, via molecular beam epitaxy or sputtering deposition.
& 2014 Elsevier B.V. All rights reserved.
1. Introduction
For the development of new materials for spintronics, it is of
fundamental relevance a detailed quantitative analysis of the
structural and magnetic properties at surfaces, interfaces and
along complex nanostructures, in an atomic scale [1]. In layered
magnetic systems, there is a need for depth-dependent measure-
ments, providing access to the study of buried magnetic interfaces.
There are different experimental techniques that allow depth-
dependent characterization of both structural and magnetic prop-
erties, including neutron scattering and reﬂectometry, magnetic
dichroism (XMCD), Mössbauer spectroscopy (MS), nuclear reso-
nant scattering of synchrotron radiation (NRS), soft X-ray resonant
Kerr rotation, soft X-ray resonant magnetic scattering. Among
these techniques, isotope selective methods, like MS and NRS,
offer a speciﬁc advantage, additional to chemical element selec-
tivity, namely the possibility of separating out contributions
coming from different crystallographic sites occupied by the same
element. Depth-resolved measurements in layered magnetic
nanostructures are particularly challenging, and the combination
of conversion electron Mössbauer spectroscopy (CEMS) and/or
NRS associated with the adequate growth of isotope-enriched
probe layers allows a depth resolution of few Angstroms (mono-
layer (ML) regime), measurements on surfaces and on buried
interfaces, the determination of the spin and local structure,
degree of interdiffusion, and interface roughness on an atomic
scale, being a very effective approach for the investigation of
layered magnetic nanostructures, and, therefore, a powerful tool in
this research ﬁeld [2–7]. The recent developments in synchrotron-
radiation-based MS in the energy domain add also new possibi-
lities for the area [8].
In this paper, some of our recent results illustrating the
potential offered by CEMS and NRS for the study of Fe-based
layered magnetic nanostructures are reviewed. The focus is more
speciﬁcally on depth-resolved studies using 57Fe probe layers
and isotope-selective measurements. The applications of these
techniques is illustrated with our results on the investigation of
depth-dependent spin structures, of interfacial interdiffusion in
exchange-biased ferromagnetic (F)/antiferromagnetic (AF) bilayer
systems, and of epitaxial magnetic systems with perpendicular
magnetic anisotropy, obtained from samples prepared with ultra-
thin (a few Angstroms thick) 57Fe probe layers placed at different
depths during the growth processes, via molecular beam epitaxy
or sputtering deposition.
2. Spin structure during magnetization reversal in Fe/MnF2
exchange-coupled bilayers
We measured directly the depth-dependent Fe spin rotation
upon magnetization reversal in exchange-coupled Fe/MnF2
bilayers using nuclear resonant scattering of synchrotron radiation
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from a 57Fe-probe layer buried at different depths within the Fe
ﬁlm. Our results showed that the exchange-biased ferromagnetic
layer develops a non-collinear spin structure along the ﬁlm normal
direction, reminiscent of a partial domain wall parallel to the
Fe/MnF2 interface [9].
The exchange bias (EB) effect, originating from the interface
coupling between a F and an AF, gives rise to shifted hysteresis
loop along the magnetic ﬁeld (x-) axis [10–13]. This effect is used
to set a reference magnetization direction in layered spin-valve
devices and, therefore, is of great interest for many applications
based on spintronics [1,14]. Despite the enormous technological
impact and the intense research efforts, one of the main challenges
to understand the microscopic mechanisms of EB is the investiga-
tion of the magnetic structure at the F/AF interface and its depth
dependence perpendicular to the interface. Some EB models
predict a spiraling AF spin structure perpendicular to the interface,
and non-collinear spin structures in the F layer [12,15–18], but
systematic experimental studies on that aspects are scarce [19,20].
Although different techniques allow the study of buried mag-
netic interfaces, experimentally, it is always difﬁcult and challen-
ging to obtain a detailed description of the depth dependent
magnetic structure at the atomic scale. Previous conversion
electron Mössbauer spectroscopy (CEMS) studies using 57Fe probe
layers at different depths of the F in exchange-biased Fe/MnF2 did
not indicate depth-dependent spin structure in Fe [21,22]. How-
ever, due to the inherent difﬁculties of detecting electrons while
applying strong external magnetic ﬁelds, these CEMS measure-
ments were conducted in remanence [21,22]
For Fe-containing nanostructures, the use of coherent nuclear
resonant scattering (NRS) of synchrotron radiation technique with
buried ultrathin (a few Angstroms thick) 57Fe-rich probe layers in
combination with wedge-type Mössbauer inactive 56Fe layers, is a
powerful approach to access depth-dependent properties in mag-
netic ﬁlms and multilayers, with high sensitivity and high lateral
resolution [23,24]. We applied NRS to conduct direct measure-
ments of the depth-dependent Fe spin rotation in an exchange-
coupled Fe/MnF2 bilayer [9]. A SQUID magnetization loop at 10 K
for such F/AF bilayer is shown in Fig. 1, where an exchange bias
ﬁeld (horizontal shift, HE) of 80 Oe is observed.
The Fe/MnF2 sample of 40 Å Cu cap/70 Å Fe (60 Å 56Feþ10 Å
57Fe wedge)/520 Å MnF2(1 1 0)/160 Å ZnF2(1 1 0) buffer layer was
grown on MgO(1 0 0) [21]. The 10-Å thick 57Fe probe layer (95.5%
enrichment) was inserted between two 56Fe wedges, as illustrated
in Fig. 2(a), together with geometry details of the NRS experi-
ments. The MnF2 ﬁlm grows as a quasiepitaxial layer with (1 1 0)
orientation, and forms a compensated AF surface with the Mn
spins in the interface plane, and the Fe layer is polycrystalline [21].
CEMS results (not shown) indicate a fully in-plane magnetized
57Fe layer, in agreement with previous works [21,22]. Magnetic
hysteresis loops below the MnF2 Néel temperature (TN¼67 K)
were measured using superconducting quantum interference
device (SQUID) magnetometry. EB was always established by ﬁeld
cooling (FC) the sample from 150 K to 10 K in an external ﬁeld (H)
of 2.0 kOe applied in-plane along the MgO[0 0 1] direction
(x-direction, Fig. 2(a)). Measurements were conducted between
þ2000 Oe and 2000 Oe along the same direction, and a HE of
90 Oe was obtained at 10 K (Fig. 1).
The NRS experiments were performed at beamline ID18 of the
European Synchrotron Radiation Facility (ESRF), with the 14.4 keV
photon beam along the MgO[0 0 1] direction (x, Fig. 2(a)), and in
grazing incidence of 4 mrad. A cryomagnet system allowed the
ﬁne adjustment and scanning of the sample in front of the 50 μm
(vertical)300 μm (horizontal)) photon beam, and, consequently,
provided the depth selectivity of the measurements along the 57Fe
wedge, by probing regions at different distances from the F/AF
Fig. 1. SQUID magnetization loop at 10 K for a 70 Å Feþ57Fe/520 Å MnF2 sample,
after ﬁeld cooling in a magnetic ﬁeld of 2.0 kOe applied along the MgO[0 0 1]
direction, from 150 K (adapted from Ref. [9]).
Fig. 2. (a) Schematic illustration of the wedge sample and NRS experimental
geometry: the incident photon beam, reﬂected at an angle of 4 mrad relative to the
surface, is oriented along the x direction (note that all the arrows are in the sample
plane. (b) Typical 10 K NRS time spectra measured in decreasing magnetic ﬁelds
with the 14.4 keV photons probing the 57Fe center position. The red solid lines are
least-squares ﬁts to the experimental data. The þ2000 Oe cooling ﬁeld (CF)
(applied from 150 to 10 K) and the sweeping ﬁeld H were applied in plane along
the MgO[1 0 0] (x) direction. α is the angle between the in-plane Fe spin direction
and the þx direction (adapted from Ref. [9]).
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interface. We explored two positions of the 57Fe layer: the center
position, 24 Å away from the F/AF interface, and the top position,
which is 60 Å away. The measurements were conducted at 10 K
and at 150 K (well below and above TN of MnF2, respectively), and
the time spectra were least-squares ﬁt using the CONUSS program
[25]. In NRS, the time response of the forward scattered intensity
reﬂected from the ultrathin 57Fe probe layer is measured [23,24].
We assume the magnetization to be conﬁned in the sample plane
[21]. For the 57Fe resonance, the standard NRS geometry (with
incident s-polarization and no polarization analysis in the detec-
tion) was employed [24]. The relative orientation of the in-plane
Fe magnetic moment (μFe) with respect to the incident wave
vector directed along x (azimuthal angle α) is determined from
the time spectra [23,24], providing the same information as
obtained from the line intensity ratio in conventional MS [21].
Typical 10-K NRS time spectra for selected magnetic ﬁelds
along the decreasing-ﬁeld branch of the hysteresis loop at the
center position are shown in Fig. 2(b). As expected for bcc Fe at
10 K, a BHF of 34.170.2 T was obtained from all time spectra of the
center and top position in the whole applied magnetic ﬁeld range.
Assuming a unidirectional collinear Fe spin structure within the
depth interval sensed by the X-ray beam at either position, the in-
plane spin rotation angle α of the Fe magnetic moment as a
function of H was determined. Following this approach, NRS
angular hysteresis loops can be constructed from the experimental
results (for details, see Ref. [9]).
Fig. 3 shows the full 10 K NRS angular hysteresis loop for the
center position (full blue circles) and the descending-ﬁeld branch
at the top position (full red squares). From the ﬁeld-dependence of
α along the decreasing-ﬁeld branches of the NRS loops, it is
evident the depth-dependent magnetization reversal at 10 K.
As pointed out, the 57Fe spins at the top layer (60 Å from the
interface) revert 40 Oe earlier than the Fe spins at the center
layer (24 Å from the interface), implying stronger pinning of the Fe
atoms closer to the exchange-biased Fe/MnF2 interface. Moreover,
at þ2000 Oe, the top layer spins are fully aligned with the ﬁeld
(α¼01), but the spins at the center layer are misaligned with
respect to the ﬁeld direction (α¼171). The same tendency is
observed at 2000 Oe. Note also that at the different depths both
site-selective 10 K NRS loops are characterized by continuous
rotations, followed by jumps of the Fe spin direction at H¼HC
(or H¼þHC) from about α¼7451 (or α¼71351) to α¼71351
(or α¼7451) at magnetization reversal. In addition to the direct
evidence of depth-dependent spin rotation, this is a direct
observation of the fourfold magnetic anisotropy induced by the
exchange interaction between the Fe and MnF2 layers [26]. This
study is presented in more details in Ref. [9]. The same approach
was applied recently, for example, to investigate the depth-
dependent magnetization reversal of Fe/NiO exchange coupled
bilayers [20].
3. Inﬂuence of interdiffusion on exchange bias of
polycrystalline IrMn/FeCo
The inﬂuence of atomic interdiffusion as a function of the
magnetic annealing temperature on exchange bias ﬁeld and
coercivity of polycrystalline IrMn/CoFe-based EB system was
investigated by using 57Fe probe layers and depth-resolved con-
version electron Mössbauer spectroscopy (CEMS). Our results
indicated that the highest exchange bias was obtained after
magnetic annealing at 450 1C, despite signiﬁcant interdiffusion at
the F/AF interface and along the CoFe layer [27].
For spintronic devices based on magnetic spin-valve stacks,
magnetic annealing is broadly used to achieve large exchange bias
ﬁeld values [11]. HE depends on the magnetic ﬁeld and the
temperature at which the F/AF exchange interaction is set (TS). TS
is generally limited by the manufacturing conditions of a GMR or
TMR device [28]. For systems containing IrMn, the basic AF
material for the hard disk industry, different results have been
reported regarding the effect of setting EB between 200 1C [29]
and 400 1C [30,31]. Atomic interdiffusion is expected to have
strong inﬂuence on the performance of the devices [32,33]. Also,
as the thickness of the AF is reduced, the contribution of the
interfacial spins becomes more signiﬁcant for their performance
[34]. We have investigated the inﬂuence of the magnetic annealing
temperature and the consequent atomic interdiffusion on
exchange bias ﬁeld and coercivity of polycrystalline IrMn/CoFe
bilayers [27].
Ta/(57FeþCoFe)(5 nm)/IrMn(7 nm)/Ru/Ta samples were depos-
ited on Si substrates at room temperature (RT) by magnetron
sputtering. 10 Å thick 57Fe tracer layers were deposited at the
IrMn/CoFe interface, and inside the CoFe layer, 10 Å and 20 Å above
the AF/F interface, as illustrated in Fig. 4. Annealings were
conducted at temperatures ranging from 225 1C to 500 1C, for
1 h, under a magnetic ﬁeld of 3 kOe applied along the sample
plane. The structure of the multilayer samples were characterized
as-deposited and after magnetic annealing, by grazing incidence
X-ray diffraction (GIXRD) and X-ray reﬂectivity (XRR). CEMS was
used to characterize interfacial sharpness and the degree of
chemical interdiffusion at different depths across the samples.
Magnetic hysteresis loops were measured by vibrating sample
magnetometry (VSM). As determined by GIXRD and XRR (not
Fig. 3. 10 K NRS angular hysteresis loop at the 57Fe center position (24 Å from the
Fe/MnF2 interface, blue full circles) and descending-ﬁeld branch at the 57Fe top
position (60 Å from the interface, red full squares). The depth dependence of the Fe
spin structure at 10 K is reﬂected in the 40 Oe shift and in the different values of α
at 72000 Oe between the curves. The center and top data were measured in two
independent NRS runs, after FC in þ2000 Oe from 150 to 10 K. The green vertical
arrow indicates the jumps upon magnetization reversal (see text) (adapted from
Ref. [9]). (For interpretation of the references to color in this ﬁgure legend, the
reader is referred to the web version of this article.)
Fig. 4. Schematic illustration of two of the three different series of polycrystalline
exchange-biased 57FeþFeCo/IrMn multilayer samples prepared by magnetron
sputtering deposition: (a) 57Fe at the interface, and (b) 57Fe 10 Å away.
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shown), the samples present a strong fcc (1 1 1) IrMn texture
parallel to the interface, on top of hcp Ru(1 0 0). The samples
presented sharp interfaces in the as-deposited state, and no
detectable variation of the IrMn grain size for the different
annealings.
Fig. 5 shows the RT CEM spectra for the as-deposited state (as
dep.) and after the different annealings for the interface sample,
together with the corresponding magnetic hyperﬁne ﬁeld distribu-
tions (P(BHF)), and Fig. 6 shows the RT CEM spectra for the samples
with the 57Fe probe layer at 10 Å and 20 Å inside the FeCo ﬁlm.
In all spectra, it can be observed a high P(BHF) component, i.e.,
a distribution of sextets that represents the ferromagnetic contribu-
tion at the interface. These sextets are assigned to ferromagnetic 57Fe
atoms at sites belonging to α-Fe, CoFe, and CoFe–Mn. All spectra
indicate a fully in-plane Fe spin texture. Up to TS¼225 1C the spectra
reveal sharp Fe/IrMn interfaces with no sign of interdiffusion.
Generally, annealing up to 225 1C led to sharper sextets, indicating
an enhancement of magnetic uniformity and crystallographic order.
Clear indication of interdiffusion appear only for TS higher than
350 1C, when it is evident the onset of non-magnetic/low magnetic
hyperﬁne ﬁeld (BHFo10 T) components in the spectra (broad central
peak). These components are attributed to both 57Fe atoms diffusing
into the IrMn (Ta). The diffusion of Mn atoms into the 57FeþCoFe
layer appears as a small reduction of the magnetic splitting of the
high magnetic hyperﬁne ﬁeld components with increasing TS.
The degree of diffusion of the 57Fe atoms can be estimated from
the evolution of the relative intensity (spectral area) of the low
ﬁeld/non-magnetic components (central peak) of the Mössbauer
spectra. This quantiﬁcation results that, at 450 1C, the Fe inter-
diffusion is 30% more pronounced at the interface than 20 Å
away from the F/AF interface, as evidenced in Fig. 7.
Magnetic hysteresis loops obtained from VSM measurements
after ﬁeld cooling from TS to RT are show in Fig. 8(a). The values of
HE and coercivity (HC) are plotted as a function of Ts in Fig. 8(b).
Interestingly, despite interdiffusion, HE and also HC increase with
TS up to 450 1C. Above this temperature, there is a considerable
reduction of HE and HC. Annealing above 225 1C results in an
enhancement of HE due to an increase of the fraction of stable AF
grains, and it seems clear that the HC enhancement is linked to the
degree of order in the AF layer, mediated by interfacial spin
clusters which may acquire magnetic conﬁgurations dependent
on the magnetic annealing. Such cluster conﬁgurations provide
energy minima which control HC similarly to pinning sites, i.e., the
enhancement of HC reﬂects a combination of bulk and interfacial
effects [34,35], as discussed in details in Ref. [27].
From our results, we infer that some chemical intermixing at
the interface may favor the setting of a spin conﬁguration that
increases HE. However, heavy interdiffusion results in the destruc-
tion of magnetic order at the interfaces, and also inside the F bulk.
In conclusion, at intermediate setting temperatures (350 1C to
450 1C), interfacial spin order is dominant over chemical inter-
mixing effects, and both exchange bias ﬁeld and coercivity
increase up to TS of 450 1C. Above this temperature, heavy
interdiffusion breaks the exchange coupling. After annealing at
500 1C, surprisingly, even though the sample presented strong
interdiffusion through the whole F/AF stack, as shown by CEMS,
despite the abrupt reduction of HE, a signiﬁcant value of 250 Oe
is still observed for this inherently interfacial coupling effect.
4. Interface sharpness in epitaxial FeCo on Rh(0 0 1)
By the combination of growing FeCo/Rh(0 0 1) samples with
tracer layers of 57FeCo with CEMS measurements, it was possible
to map the spin texture of Fe atoms in epitaxial FeCo ultrathin
ﬁlms in a depth-selective way, and to determine how sharp is the
FeCo/Rh interface [36].
Magnetic nanostructures with large uniaxial magnetocrystalline
anisotropy are promising materials for perpendicular magnetic
recording and other new spintronic devices [37,38]. Tetragonally
distorted Fe1xCox alloy ﬁlms epitaxially grown on different face
centered cubic substrates (Pd, Pt, Ir, Rh) are a model system for
perpendicular magnetic anisotropy (PMA), since, depending on the
level of tetragonal distortion in the system, the epitaxy can result in
strong PMA [37–42]. Distorted Fe1xCox ﬁlms on Rh(0 0 1) show
PMA in a broad composition and thickness (up to 15 ML) range,
even at RT [38–40], being of high importance for applications. For
systems of interest for spintronics, one important aspect is the
quality of the F/substrate interface. It is shown here results on CEMS
investigation of the sharpness of the epitaxial FeCo/Rh(0 0 1)
interface.
FeCo ﬁlms were grown on Rh(0 0 1) by co-deposition of Fe
(natural Fe and 57Fe, 95,5% enrichment) and Co of high purity,
under molecular beam epitaxy (MBE) conditions, by using two
electron beam evaporators and a typical deposition rate of 1–2 ML/
min. The substrate was kept at room temperature (RT). The alloy
ﬁlm composition was controlled by adjusting manually the indi-
vidual deposition rates. The typical pressure during deposition was
51010 mbar (base pressure¼21010 mbar). The FeCo ﬁlms
were always 12 monolayers (ML) thick. 4 ML 57FeCo was grown
directly at the Rh surface, or away from the FeCo/Rh(0 0 1)
Fig. 5. RT CEM spectra for the 57FeþFeCo/IrMn samples with 57Fe directly at the
interface, and respective magnetic hyperﬁne ﬁeld distributions P(BHF). The mag-
netic annealing temperatures are indicated (adapted from Ref. [27]).
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interface, and covered with Cu or Rh layers, to prevent oxidation.
We show here the investigation of the sharpness of the FeCo/Rh
(0 0 1) interface.
The cleanliness of the Rh(0 0 1) substrate and the composition
of the FeCo samples were examined by X-ray photoemission
spectroscopy (XPS) and Auger electron spectroscopy (AES). Low
energy electron diffraction (LEED) was used to probe the structure
and quality of the samples. The magnetic properties of the FeCo/Rh
ﬁlms were studied by MOKE in the longitudinal geometry, and by
CEMS. The MOKE measurements were conducted in situ, in UHV
conditions and at different temperatures, in a set-up with enough
sensitivity to detect magnetization of 1 ML Fe. The maximum
magnetic ﬁeld at the sample, corresponding to a current of 5 A
applied to the electromagnet inside the chamber, is limited to ca.
800 Oe, and the lowest sample temperature obtained by ﬂowing
liquid nitrogen through the sample manipulator was 190 K. The
CEMS measurements were conducted ex-situ, at RT.
The LEED patterns at 62 eV for the Rh(1 0 0) substrate and for a
8 ML thick FeCo are shown in Fig. 9(a) and (b), respectively,
indicating the epitaxial growth of our FeCo ﬁlms on the well-
ordered Rh(0 0 1) surface at RT. AES spectra (not shown) were
taken immediately after the growth of 4 ML 57FeCo on the Rh
(0 0 1) substrate, and after the deposition of additional 8 ML FeCo.
The analysis of the peak-to-peak intensities of the Fe line at 700 eV
and the Co line at 760 eV indicates that the ﬁlms present a Fe:Co
atomic concentration very close (within 75 at%) to the nominal
composition of 50–50%.
Fig. 10 shows (a) the schematic diagram and (b) the RT CEM
spectrum for a 12 ML FeCo ﬁlm with 4 ML 57FeCo grown directly at
the interface, on the Rh(0 0 1) substrate. The spectrum was ﬁtted
with twomagnetic hyperﬁne ﬁeld (BHF) distribution blocks. The main
spectral contribution (blue components in color, online) corresponds
to the fct FeCo alloy, with isomer shift δ¼0.00 mm/s, average BHF of
34.370.2 T and line intensity ratio R23 equal to zero (no 2 and
5 lines!), indicating fully perpendicular Fe spins in the 57FeCo layer, in
agreement with previous MOKE magnetometry results [40–42].
These Mössbauer parameters are similar to bcc FeCo [43,44]. The
second distribution block (red components in color, online), with
Fig. 6. RT CEM spectra for the 57FeþFeCo/IrMn samples with the 57Fe probe layer 10 Å and 20 Å away from the interface. The magnetic annealing temperatures are indicated
(adapted from Ref. [27]).
Fig. 7. Comparison of RT CEM spectra for 57FeþFeCo/IrMn samples with (a) 57Fe at
the interface, and (b) 57Fe 20 Å away, after magnetic annealing at 450 1C. The
evidence of higher interdiffusion at the interface is pointed out by the circle
(see text).
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reduced magnetic hyperﬁne ﬁelds (average BHF27.570.2 T),
amounts 30% of the spectral area, and corresponds to the very
57FeCo/Rh(1 0 0) interface, with some 57Fe atoms diffused into the Rh
substrate [45], being equivalent to a thickness of 1.2 ML 57FeCo. For
this component, despite the noise, the resulting line intensity ratio
R230.2 suggests a small deviation from fully perpendicular Fe spins,
perhaps due to partial lose of coherence of Fe atoms in the Rh
substrate.
The obtained CEMS results for RT-grown Fe50Co50/Rh(0 0 1)
indicate that the ﬁrst 4 ML present fully perpendicular spin texture
and a chemically sharp interface, with very small intermixing.
Moreover, the obtained values of magnetic hyperﬁne ﬁelds at RT
for this relatively thin FeCo layer (12 ML) conﬁrm that the Curie
temperature of such ﬁlms is rather high. Results on the depth-
selective spin texture of Fe atoms in this epitaxial system will be
presented elsewhere [36].
5. Summary
In this paper, three depth-resolved studies of layered magnetic
nanostructures using ultrathin 57Fe probe layers and isotope-
selective measurements by the application of CEMS and NRS
techniques were brieﬂy described. This approach is particularly
important for depth-dependent analysis of buried layers, can give
signiﬁcant contribution for a better understanding of the structure
—magnetism correlation in nanostructured magnetic materials,
and is expected to be more frequently applied in this research
ﬁeld, especially with the availability of new beam lines for NRS
and also for synchrotron-radiation-based MS.
Fig. 8. (a) Typical magnetization loop at RT for a 57FeþFeCo/IrMn bilayer annealed
at 225 1C, measured after in-plane ﬁeld cooling at 3 kOe, from TS to RT. (b) RT
exchange bias ﬁeld (HE), and coercivity (HC) as a function of the magnetic annealing
temperature TS, for the different series of 57FeþFeCo/IrMn bilayers (adapted from
Ref. [27]).
Fig. 9. LEED patterns at 62 eV (a) for the Rh(0 0 1) surface and (b) for 8 ML FeCo
codeposited on the Rh(0 0 1) substrate at RT.
Fig. 10. (a) Schematic illustration of the epitaxial FeCo/57FeCo/Rh(0 0 1) sample.
(b) RT CEM spectrum for 12 ML FeCo/Rh(0 0 1) with 4 ML 57FeCo directly at the
interface, and the respective magnetic hyperﬁne ﬁeld distribution P(BHF).
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